Introduction
Understanding the process by which Sierra Nevada's snow becomes surface water, and the degree to which this water is being impounded in lakes, will be critically important in maintaining water availability under climate change. This study used satellite and hydrologic data to examine the relationship between snow cover and reservoir storage in the American River Basin. Are they positively correlated, and if so, can we use this correlation to plan for future water needs?
California depends on the snow pack in the Sierra Nevadas to provide water during the summer and fall. During an average year, 75% of California's average annual precipitation falls between November and March and half of that occurs between December and February (DWR 2012) . The state uses a system of reservoirs and aqueducts to move the water to areas that need the water such as agricultural and urban areas. This study analyzed the snow cover for the years 1985-2011 in a Landsat image using path 43 row 33 (Figure 1 ) and the maximum storage at Folsom Lake to see if climate change has had an impact. The American River basin begins in this section of the Sierra Nevada and is stored in the reservoir at Folsom Lake. The snowpack in the Sierra Nevada provides about one-third of California's water supply. Groundwater provides 30-60 % of water in California. About 75% of California's water supply comes from north of Sacramento, while 80% of the demand occurs in the southern two-thirds of the state. About 80% of this water is used for agricultural purposes while urban users consume about 10% of the water (DWR, 2012) .
Area of study
The area of study extended from east of Lake Tahoe in Nevada to just outside of Sacramento. Folsom Lake can be seen in the lower left of Figure 2 next to the red arrow, just east of Sacramento. Figure 3 shows the relationship of this area to the states of California and Nevada. Table 1 . The remote sensing scenes were Landsat 4-5 TM images. Landsat TM has a resolution of 30 meters, which is considered suitable for mapping snow in drainage basins, according to Hall, Riggs, & Salomonson (1995) .
Images were downloaded if they had cloud cover less than 10%, but images with cloud cover as high as 20% were downloaded if they were the only images available. Path 43 row 33 was used, as it covered the American River Basin in one image. Each image came with remote sensing bands 1-7. All the images used are from the Feb-April time frame, as April 1 is generally considered the date of the heaviest snowpack (Mote et al., 2005) . 
Data Preparation
Before the data were analyzed, a number of steps were needed to prepare the data.
The data were downloaded from the USGS Landsat site and then imported into IDRISI and converted to GeoTIFF format. To make sure all images covered the exact same area, each image was windowed to the same coordinates.
Data Analysis Methodology
The analysis used the methodology proposed by Dozier (1989) to map snow cover by using remote sensing of Landsat TM bands 2 and 5. This method is called the Normalized Difference Snow Index (NDSI). NDSI uses two spectral bands to differentiate between snow-free and snow-covered areas. It uses a spectral band in the visible part of the spectrum, TM band 2, and a band in the near infrared, TM band 5.
et al., 1995). The next step was to apply this threshold to get NDSI values for each year.
An additional threshold was needed to separate snow and water as water can also be mapped when the NDSI value is >= 0.4. In TM band 4 the reflectance of water is <11%.
Snow will be mapped when TM band 4 >11% and NDSI <= 0.4. A water mask was created using band 4 and the previously calculated NDSI. The output was the final NDSI value for each image.
Data Calculations
To calculate snow acres, the input was the final NDSI value and the output was calculated in acres. All the data for Folsom Lake peak storage and NDSI snow acres were loaded into an Excel spreadsheet by year. Then an analysis was conducted using bar graphs and scatterplots.
Discussion and Results
The analysis first calculated a NDSI value for each year. Then a snow threshold was applied for every year. A water mask was created to mask out water bodies before the final snow acres were calculated. The calculated NDSI was used to get the final snow acres for each year.
The snow acres for each year are shown in Figure 6 . There are a few years, such as 1990, 1995, 1996, 1999, 2003 and 2009 , where the correlation is not as strong as in the other years. There was a positive correlation between snow acres and peak storage in Folsom Lake, as shown in Figure 8 . The actual values for peak storage at Folsom Lake and the NDSI snow acres are listed in Table 2 . The exact month and year used for the peak storage is listed in Table 3 . May-87 736000
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The annual snowfall totals for the 1985-2011 for Donner Summit and the monthly snowfall for the month of each Landsat image acquired for the study are shown in Figure 9 . Generally, there is a positive correlation between snow acres and peak storage in Folsom Lake, but there are some exceptions. The snow acres and peak storage do not match every year as the Bureau of Reclamation has seven reasons for releasing water from Folsom Lake. Every year these reasons and their priorities can change causing the release of water to fluctuate by year. The seven main reasons for releasing water from Folsom Lake are flood control, delta water quality or delta salinity, hydroelectricity, domestic use (drinking water), wildlife (salmon and steelhead trout spawning), recreation, and agriculture.
Another possible reason why not all the years show a positive correlation between snow acres and peak storage is the low snow depth on the ground when the image was acquired. In 1990, the image was acquired on March 9. In February there was a snowfall total of 85 inches, and in March there was 25 inches of snow. For this year, there was a dip in the peak storage in Folsom Lake while the amount of snow acres calculated was similar to the previous year. Since the total snowfall for the year was below average at only 26 feet, it appears that the Landsat image was acquired when there was a high volume of snow on the ground.
In 1995, the image was captured on March 7 and although the monthly total for
March was 97 inches the total for February was only 13 inches. Because the date was close to February, there could have been less snow on the ground as a lot of the snow in March could have fallen near the end of the month. The total snowfall for 1995 was 50 feet, which would account for higher peak storage at Folsom Lake.
The image for 1996 was captured on April 26, and the total snowfall for April was only 15 inches. Even though the total snowfall for the year was only 28 feet, the previous year, 1995, was a very wet year so there were still high water levels. By looking at the reservoir records it can be seen that it usually takes two dry years before the reservoir will begin to register drought categories according to state definitions.
The 1999, the image was acquired on March 18. The snowfall totals for March were 40 inches but the storms delivering this snow could have occurred later in the month, causing less show to be on the ground on March 18. Above average snowfall occurred in 1998 so there could have been holdover high water levels in Folsom Lake.
snowfall for March was only 6 inches, so it is possible that the snow on the ground was sparse. In 2009, the monthly snowfall for March was 45 inches, but it could have fallen early in the month.
The snowpack is changing in response to changes in its environment. There can be various factors that can influence snowpack changes over time, such as forest canopy changes and land use changes (Mote et al., 2005) .
Conclusion
The results showed that it is possible to use this data to get information on snow hydrology but not necessarily in a straight forward way. The interpretation involves human elements as the water released from Folsom Lake depends on many factors that change monthly.
Climate change has had an impact on the runoff timing for the American River at there is more rain, less snow and an earlier snow melt. Even though more ground area is covered by snow, the depth of the snow has decreased. Springtime snowpack has declined by approximately 10% over the last 50 years (Mote et al., 2005) . Declines in the April snowpack have been shown to exist for the Pacific Northwest (Mote et al., 2005) .
Spring snowpack is one of the more important predictors of streamflow. Most sites used for snowpack measurements reach their peak snowpack near April 1. November to March is the usual snow accumulation season in California.
Estimates of warming trends for the future in the western US are in the range of 2-5 degrees C over the next century (Mote et al., 2005) . The losses in snowpack that have been observed will likely continue and this will have critical consequences in an area that already has water use issues (Mote et al., 2005) .
A further extension of this study would be to examine the snowfall records of each day of the months involved from the Landsat images for each year. This would give a more detailed analysis of exactly when there were snow storms and when there were periods of no new snow.
In summary, it is important to take note that this study is a snapshot in time of a particular set of days. Results are based on specific days of each year rather than averages for multiple images. Climatic factors play a role in the outcome of the results.
Remotely sensed data can be helpful in giving a quick estimate that could be helpful to people who need to manage the water supply.
